Introduction
Recently, much interest has been focused on the rapidly expanding field of crystal engineering of metalorganic frameworks (MOFs) [1] due to their intriguing network topologies as well as their potential applications as functional materials in many areas such as separation, catalysis, gas storage, magnetism, and others [2 -4] . Solvothermal synthesis has been widely employed to generate MOFs with unique structures and special properties [5] . However, solvothermal reactions are often complicated and their course unpredictable [6] . Although such reactions may have their difficulties in targeted material syntheses and rational molecular design, they can also afford some novel functional materials with enchanting structures.
5-(Isonicotinamido)isophthalic acid (H 2 L) has remarkable features as a ligand: (a) it contains two carboxylate groups, which can adopt different coordination modes in the formation of MOFs; (b) the carboxamide group can serve as a hydrogen bonding acceptor and / or donor, which may consolidate structures [7 -9] . So far, most investigations on solvent-induced conformational changes in artificial minimal model systems have simply been performed in solution. In this contribution, we present a 3D metal-organic framework generated from H 2 L and Co(NO 3 
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The magnetic interactions between the metal ions have been investigated.
Experimental Section

Measurements of physical properties
All chemicals were commercially available in p. a. grade and were used without further purification. The C, H and N microanalyses were performed with a Perkin-Elmer 2400-CHNS/O elemental analyzer. The FT-IR spectra were recorded from KBr pellets in the range 400 -4000 cm −1 on a Shimadzu FT-IR-8900 spectrometer. The magnetic susceptibilities were measured using a SQUID magnetometer on crystalline samples in the temperature range of 1.8 to 300 K under 2kOe. 
Preparation of [Co(L)
(a R 1 = Σ F o | − |F c /Σ|F o |; b wR 2 = [Σw(F o 2 − F c 2 ) 2 /Σw(F o 2 ) 2 ] 1/2 , w = [σ 2 (F o 2 )+(AP) 2 +BP] −1 , where P = (Max(F 2 o , 0)+2F c 2 )/3; c GoF = [Σw(F o 2 − F c 2 ) 2 /(n obs − n param )] 1/2 .O(3) #1 -Co(1)-O(2W) 95.86(7) O(1W)-Co(1)-O(1) 93.37(6) O(2)-Co(1)-O(3) #1 94.63(7) O(2)-Co(1)-N(2) #2 162.32(7) O(3) #1 -Co(1)-N(2) #2 102.76(7) O(2W)-Co(1)-O(1) 87.71(6) O(2)-Co(1)-O(1W) 94.69(9) O(2)-Co(1)-O(2W) 91.84(7) O(3) #1 -Co(1)-O(1W) 86.23(6) N(2) #2 -Co(1)-O(2W) 89.57(7) O(2)-Co(1)-O(1) 59.24(6) N(2) #2 -Co(1)-O(1) 103.23(7) O(3) #1 -Co(1)-O(1) 153.78(6) N(2) #2 -Co(1)-O(1W) 83.42(7) O(1W)-Co(1)-O(2W)
X-Ray structure analysis
The reflection intensities of 1 were collected at 293(3) K using a Bruker SMART Apex II CCD area detector single-crystal diffractometer, with graphite-monochromatized MoK α radiation (λ = 0.71073Å), using the ψ/2ϑ scan mode. An absorption correction was applied using the program SADABS [10] . The structure was solved by Direct Methods using SHELXS-97 [11] and refined by full-matrix least-squares methods on F 2 (SHELXL-97 [12] ). All hydrogen atoms attached to the carbon and nitrogen atoms were generated geometrically, and the hydrogen atoms of the water molecules were found directly. All non-hydrogen atoms were finally refined with anisotropic displacement parameters. H atoms attached to C atoms were treated as riding, with C-H = 0.93Å. The H atoms of the water molecules were refined with U iso (H) = 1.5 U eq (O). Crystal data and further information of the structure determination are summarized in Table 1 . Selected interatomic distances and bond angles are given in Table 2 .
CCDC 806179 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Results and Discussion
Synthesis and IR spectra
In the preparation of 1, it is noteworthy that no DMF molecules were found in the resulting complex, however, the DMF solvent plays a key role in the formation of crystalline products since no crystals were obtained without DMF in the reaction. Repeated experiments have indicated that no crystalline product of 1 can be obtained using the same cobalt salts in other organic solvents or in an aqueous system under the same synthesis conditions.
The IR spectrum of 1 shows the ν(O-H) stretching vibration of water molecules at 3438 cm −1 . The absorptions at 1568 and 1392 cm −1 can be assigned to the ν as (CO 2 − ) and ν s (CO 2 − ) stretching vibrations, respectively. The strong absorptions located at 1568 and 1431 cm −1 may be assigned to pyridyl vibrations.
Structure description
Compound 1 crystallizes in the monoclinic space group P2 1 /c The asymmetric unit contains one unique Co(II) atom, one L 2− ligand, and two coordinated and one free water molecules. The Co1 atom exhibits a significantly distorted octahedral geometry with one N atom of one L 2− ligand and three carboxylate O atoms, which come from two different L 2− ligands and two coordinated water molecules (Fig. 1) . The Co1-O bond lengths range from 2.0198(16) to 2.3187(15)Å, while the Co1-N bond length is 2.1110(19)Å (Table 2) . Furthermore, each L 2− ligand in 1 employs its one pyridyl and two carboxylate groups to connect three metal atoms. It is noteworthy that the two carboxylate groups of each L 2− ligand have different coordination modes, one is µ 1 -η 1 :η 0 -monodentate and the other one acts as a µ 1 -η 1 :η 1 -chelate. Therefore, the coordination interactions between the three-connecting L 2− ligands and the six-coordinated Co(II) atoms as described above make 1 a 3D framework (Fig. 2) . Firstly, a zigzag chain is formed by the connections between the carboxylate groups and the Co(II) atoms ignoring the coordination of the pyridyl group. Then the chains are linked together by 5-isonicotinamido groups parallel to the c axis to give a two-dimensional network in the bc plane, which is finally linked by the 5-isonicotinamido groups of L 2− paralleling the a axis to form the ultimate 3D framework. In order to minimize the big hollow cavities and stabilize the framework, the potential voids formed via a single 3D network are combined with three other, identical frameworks, thus giving a four-fold interpenetrated (10,3)-b net.
For a better understanding about the topological structure of the framework, it is necessary to simplify the building units. As discussed above, each L 2− ligand linking three Co(II) atoms can be defined as a three-connecting node, and each metal atom coordinated by three ligands can also be considered as a three-connector. Consequently, according to a calculation of TOPOS [13] , the resulting structure of 1 is a uninodal 3-connecting topology with the Schläfli symbol (10 2 ·10 4 ·10 4 ), which corresponds to the ThSi 2 structure type with the well-known (10,3)-b net (Fig. 2) , but it is somewhat distorted from the standard ThSi 2 topology net (Fig. 2) .
Magnetic properties
The magnetic susceptibilities were measured on a crystalline sample of 1 in the temperature range from 1.8 to 300 K under 2 kOe using a SQUID magnetometer. At r. t., the observed χ M T value is 4.28 emu K mol −1 which is larger than the expected value of 1.87 emu K mol −1 corresponding to one independent Co(II) (S = 3/2) ion (Fig. 3) . Upon cooling from 300 to 40 K the values of χ M T decrease slowly, and then rapidly reach a value of 3.52 emu K mol −1 at 1.8 K. The χ M −1 versus T plot above 40 K follows the CurieWeiss law with C = 3.28 emu K mol −1 , Θ = −0.66 K. The negative θ value suggests that there is a weak antiferromagnetic interaction among cobalt(II) atoms transferred through L 2− ligands.
Conclusion
The unique four-fold interpenetrated 3D Co(II) complex (1) has been obtained by a solvothermal reac- tion. It has a rare 3D three-connecting ThSi 2 -type network with the (10,3)-b topology. The result may promote the exploration of new carboxylate ligands containing amidopyridine groups for the construction of MOFs with useful properties and charming topologies under solvothermal conditions.
